Butterflies are one of the most recognized and useful groups for the monitoring and establishment of important conservation areas and management policies. In the present study, we estimate the richness and diversity, as well as the association value of submontane scrub, oak forest, and cloud forest species at Cerro Bufa El Diente, within the Sierra de San Carlos priority land region, located in the Central-western region of Tamaulipas, Mexico. Three sampling sites were established based on criteria of vegetation distribution per altitudinal floor. One site for each altitudinal floor and vegetation type. Sampling was carried out in permanent transects on a monthly basis at each site, using an aerial entomological net and ten Van Someren-Rydon traps, during four sampling periods: early dry season, late dry season, early wet season and late wet season. In total, 7,611 specimens belonging to six families, 20 subfamilies, 32 tribes, 148 genera and 243 species of the study area were collected. Nymphalidae was the most abundant family with 3,454 specimens, representing 45.38% of total abundance in the study area. Lower abundance was recorded in Hesperiidae (19.17%), Pieridae (16.41%), Lycaenidae (10.17%), Papilionidae (5.12%), and finally Riodinidae (3.74%). The highest species richness was presented in the family Hesperiidae with 34.57% of the total obtained species followed by Nymphalidae (30.45%), Lycaenidae (15.23%), Pieridae (9.88%), Papilionidae (5.76%), and Riodinidae (4.12%). Twenty-seven species were categorized A peer-reviewed open-access journal E. Meléndez-Jaramillo et al. / ZooKeys 900: 31-68 (2019) 32 as abundant, these species, Anaea aidea (Guérin-Méneville, 1844), Libytheana carinenta larvata (Strecker, 1878), Pyrgus oileus (Linnaeus, 1767), Mestra amymone (Ménétriés, 1857) and Phoebis agarithe agarithe (Boisduval, 1836) presented the highest number of specimens. Sixty-five species were considered common, constituting 41.73% of the total number of butterflies, 63 frequent (9.76% of the total abundance), 55 limited (2.54%) and 33 rare (0.43%). The greatest number of specimens and species, as well as alpha diversity, were presented on the lowest altitudinal floor, made up of submontane scrub, and decreased significantly with increasing altitude. According to the cluster analysis, low and intermediate altitude sites constitute an area of distribution of species that prefer tropical conditions, while the third-floor site forms an independent group of high mountain species. The greatest abundance and richness of species, as well as alpha diversity, was obtained during the last wet season, decreasing significantly towards the early dry season. Moreover, through the use of the association value, 19 species were designated as indicators, three for the last altitudinal floor, three for the intermediate and 13 for the first. The present work represents the first report of the altitudinal variation in richness, abundance and diversity of butterflies in the northeast of Mexico. These results highlight the importance of the conservation of this heterogeneous habitat and establish reference data for the diurnal Lepidoptera fauna of the region.
Introduction
More than 155,000 species of Lepidoptera have been described to date (Nieukerken et al. 2011) , as such the order comprise 10% of the known animal diversity (Kristensen et al. 2007 ). The Butterflies (Papilionoidea) comprise six families: Papilionidae, Pieridae, Lycaenidae, Riodinidae, Nymphalidae and Hesperiidae, and together represent 13% of total species in Lepidoptera worldwide (Kawahara and Breinholt 2014; Llorente et al. 2014) . In Mexico, according to Warren (2000) , Llorente et al. (2006) and Llorente et al. (2014) , it is estimated that there are 2,049 species, corresponding to 9.4% of the Papilionoidea described worldwide. Butterflies are among the best environment quality indicator insects, because they are highly diverse and abundant (Prince-Chacón et al. 2011 ), easy to identify at field and due to their rapic biological cycles, they are easy to sample in any time of the year (Freitas et al. 2006 ). In addition, they are affected by constant landscape changes, because they are closely related to the vegetation (Marín et al. 2014) , and most of their life cycle is associated with specific plants (Orozco et al. 2009 ). Furthermore, they respond to the stratification of the vegetation in terms of light, wind, humidity and temperature gradients (Montero- Muñoz et al. 2013 ). Therefore, they are very sensitive to climatic and ecological variations occurring in natural gradients, such as elevation (Camero et al. 2007) .
Numerous studies show the close association between altitude and changes in composition and diversity of species (Muñoz and Amarillo-Suárez 2010) . Several hypotheses have been proposed to explain among which the Rapoport effect states that the richness and distribution ranges of species are inversely related to altitude, with higher richness at low elevations (Sanders 2002) , while the hypothesis of average domain in-dicates that the greatest number of species occurs at intermediate altitudes (Brown and Lomolino 1998) . Besides, McCoy (1990) determined that, if the distribution differs between elevations, then the time scale used would strongly influence the evaluation of species richness. Thus, seasonal variations are strongly linked to elevational patterns of communities (Castro and Espinosa 2016) .
In Mexico, several checklists of butterflies from altitudinal transects ranging from 600 to 3,100 m asl, including different vegetation types, have been published (Llorente et al. 1986; Luis and Llorente 1990; Luis et al. 1991; Vargas et al. 1994 Díaz-Batres et al. 2001; Luna and Llorente 2004; Luna et al. 2008; Luna et al. 2010; Álvarez et al. 2016 ). In addition, at a temporal level, the climatic factors influencing butterfly species turnover have been addressed in previous studies Llorente 1990, 1991; Vargas et al. 1994; Hernández-Mejía et al. 2008; Luna et al. 2008; Pozo et al. 2008; Luna et al. 2010) . However, little is known about the entomofauna and especially about the butterfly ecology of the extreme, humid and dry environments of northeastern Mexico, which is inhabited by a very special group that represents about 15% of national entomofauna, and harbors elements of the Atlantic District of the United States (Luz and Madero 2011) . Knowing the distribution of the species richness and abundance of butterflies in altitudinal gradients, allows to elucidate patterns and processes of biological diversification, occupying an important role to demonstrate the conservation value of a particular habitat (DeVries and Walla 2001) . Likewise, the study of communities and populations of butterflies over time, can offer important information to implement urgent measures before the effects of environmental disturbance become irreversible (Núñez-Bustos et al. 2011) .
In this context, the Bufa El Diente mountain constitutes one of the highest elevation gradients (up to 1,460 m asl) in the Sierra de San Carlos, which is an isolated orographic unit within the coastal plain of the North Gulf of Mexico (Treviño et al. 2002) . The region is considered an area of special interest for conservation and requires an evaluation of its natural resources (Arriaga et al. 2000) . The objectives of the present study were: 1) to determine the butterflies species richness in Cerro Bufa El Diente, Tamaulipas, Mexico; 2) analyze the variation of Rhopalocera species richness, abundance and diversity along an altitudinal gradient, and during different seasons of the year; 3) analyze the influence of climatological variables (temperature, precipitation, relative humidity and solar radiation) on the abundance and richness of butterfly species; and 4) quantify the indicator value of species by each altitudinal site.
Methods

Study area
The Cerro Bufa El Diente mountain is located in the Sierra de San Carlos, located in the central-western portion of the State of Tamaulipas, between 24°23.03 ' and 24°51.60'N, and 98°32.40' and 99°12 .04'W ( Figure 1 ). Sierra de San Carlos (also known as Sierra Chiquita or Sierra de Cruillas) is a physiographic discontinuity in the Coastal Plain of the Gulf of Mexico. Due to its relative geographical isolation in relation to the Sierra Madre Oriental, it can be conceived as an ecological island, where relatively particular populations and communities have been originated or conserved (Briones-Villarreal 1991) . The area is considered as a Mexican Priority Region for Conservation (RTP) of biodiversity by the National Commission for the Knowledge and Use of Biodiversity (CONABIO). The vegetation types of this RTP mainly comprise temperate ecosystems in the mountain part and submontane scrub in the piedmont (Arriaga et al. 2000) . A main characteristic of the region is that it represents the boreal limit of the cloud forest in northeastern Mexico (Valdez-Tamez et al. 2003) .
Climate of the region is semi-warm sub-humid with summer rains; average annual temperature is 18 to 22 °C, and the annual precipitation ranges between 500 and 2,500 mm (Treviño et al. 2002) .
Site locations
Three sites were established based on Llorente (1984) and Briones (1991) criteria for the altitudinal gradient and vegetation types. Site 1 has the lowest elevation at 553 m asl and corresponds to submontane scrub (SS) (24°33.04'N, 98°57.16'W). Site 2 is located at an intermediate altitude of 783 m asl where the plant community consists of oak forest (OF) (24°32.04'N, 98°57.13'W). Site 3 is the highest elevation with 1085 m asl and a community of cloud forest (CF) (24°31.44'N, 98°57.41'W; Table 1 ).
Collection and processing of specimens
The collection of individuals was conducted using aerial entomological nets. At each site, routes were made along a 1 km permanent transect, following the techniques recommended by Villarreal et al. (2006) . Also, along with the use of the aerial entomological nets, the sampling was carried out using Van Someren-Rydon traps (Rydon 1964). Ten traps were placed along a permanent transect 500 m long, at a distance of 50 m from one another, and between 1 to 2.5 m high from the ground. Bait used for the traps consisted of a fermented mixture of seasonal fruits: plantain (Musa paradisiaca), pineapple (Ananas comosus), mango (Mangifera indica), and guava (Psidium guajava).
Monthly samplings were made for each of the sites, during the period from September 2012 to August 2013, resulting in a total of three samples-months per season: Early dry season (EDS: December, January, February), Late dry season (LDS: March, April, May), Early rainy season (ERS: June, July, August), and Late rainy sea- son (LRS: September, October, November). Seasons were defined on basis of historical data of total monthly values of temperature and precipitation (average of 1990 to 2010), which were obtained from a meteorological station located within the study area in the municipality of San Carlos. Therefore, a total of 36 sampling units (three samplings per four seasons per three sites) were considered. Additionally, for each site and date of collection, the temperature and relative humidity variables were recorded using a Kestrel 3500 portable weather station, while values of precipitation and solar radiation were extracted with QGIS 2.18 software (Quantum GIS 2017) from the WorldClim database available in http://worldclim.org/ and described by Fick and Hijmans (2017) . The collected entomological specimens were mounted according to the procedure described by Andrade et al. (2013) . All specimens were labeled and deposited in the entomological collection of the Instituto Tecnológico de Cd. Victoria, Ciudad Victoria, Tamaulipas, Mexico, and in the collection of the Department of Conservation of the Faculty of Forestry Sciences at the Universidad Autónoma de Nuevo León, Linares, Nuevo León, Mexico. For taxonomic identification of specimens, the works of Scott (1986) , Llorente et al. (1997) , Luis et al. (2003) , Garwood and Lehman (2005) , Glassberg (2007), and Luis et al. (2010) , were consulted. Phylogenetic arrangement of species followed Warren et al. (2012) .
Data analysis
The abundance was quantified based on the total number of individuals per species collected at each site, season and for the entire study area. Five categories of species were considered according to the total abundance recorded: rare (species with one specimen), scarce (from 2 to 5), frequent (from 6 to 21), common (from 22 to 81), and abundant (with 82 or more specimens) (Luna et al. 2010) . To corroborate significant differences between the abundance associated to each site, as well as to each season of the year, nonparametric tests of Kruskal-Wallis and Mann-Whitney were carried out. As a measure of specific richness, the total number of species obtained was used for each site, season and for the entire study area. A permutation test was conducted to determine significant variations in the number of species. Both tests (for abundance and species richness) were carried out using the Rcommander package (Fox 2005) in the program R 3.2.3 (R Development Core Team 2015). To calculate the potential number of species, the nonparametric estimators of Chao 1 and Jackknife 1 were used. These indices were chosen according to: 1) a distribution model of abundance is not previously assumed, 2) they are robust in calculating the minimum estimate of specific richness, 3) they are necessary as a complementary measure in biodiversity analyzes, and 4) Chao 1 considers the association between the number of species represented by an individual (singletons) and those represented by two individuals (doubletons) in the sample, while Jackknife 1 is a conservative index based on incidence data (presence or absence) of those species found only in one sample (uniques) (Magurran 2004; Hortal et al. 2006; Villarreal et al. 2006; Gotelli and Colwell 2011) . The estimators were cal-culated with 100 randomizations without replacement using the software EstimateS 9.1 (Colwell 2013) , based on the abundance of the species recorded by each sampling unit, and were obtained for each site, station of the year and for the entire study area. To complement the estimation of richness, and as a measure for the analysis of sampling efficiency, the linear dependence model was used. It assumes that as the list of species increases, the probability of adding new taxa decreases exponentially, and is an ideal model for studying small areas and known taxa (Gómez-Anaya et al. 2014) . The value obtained from the coefficient of determination (R 2 ) was used, as well as the slope value, which allows to measure the quality of the faunistic inventory. The calculation was based on the number of samples for each site, as well as for each season of the year and for the entire study area; the procedure was performed in the program Statistica 13.3 (TIBCO Software Inc. 2017).
In this study, alpha diversity was considered a measure of association or relation between abundance and number of species. Therefore, Simpson's dominance index and Shannon's entropy or uncertainty index were used for its measurement; these indices were calculated for the entire study area, as well as for each site and season using the vegan package (Oksanen et al. 2012 ) of the platform R 3.2.3. The SHE analysis S (species richness), H (Shannon-Wiener diversity index) and E (evenness as measured using the Shannon-Wiener evenness index) is a method that consists of analyzing the behavior of three components: diversity, the natural logarithm of evenness and the proportion of the previous two as a function of abundance (Buzas and Hayek 1996) . To discriminate between the types of distribution, the component with the least variation was identified in relation to different values of number of species and abundance. If the diversity parameter remains more stable, then the distribution corresponds to a logarithmic series; if the most stable is the proportion between natural logarithm of evenness and diversity, a normal log distribution is attributed; and if evenness is the most stable, then the distribution will be of a broken stick type (Carreño-Rocabado 2006) . The SHE test was carried out for the entire study area, as well as for each site using the forams package (Aluizio 2015) in R 3.2.3. Beta diversity was measured as the faunal similarity between sites and seasons, using the Bray-Curtis similarity index. In addition, a cluster analysis was carried out to define groups of sites and seasons according to their species composition, using the adjusted Euclidean units as distance measure and the Ward method as an amalgamation algorithm. Calculations were made in the Rcommander package (Fox 2005) in the R 3.2.3 program. A Spearman correlation test was applied between the monthly averages of microclimate variables (temperature, precipitation, relative humidity and solar radiation) and ecological parameters (number of species and abundance) using the Rcommander package (Fox 2005) 
Finally, to calculate the association value of each butterfly species to the habitat type, the indicator value index (IndVal) was used (Dufrene and Legendre 1997) . This is based on the degree of specificity (exclusivity of the species to a particular site based on its abundance), and the degree of fidelity (frequency of occurrence within the same habitat) (Tejeda-Cruz et al. 2008) , expressed in a percentage value. The analyzes were carried out in the abdsv package in platform R 3.2.3, using 1,000 random permutations to define the level of significance. Indicator species with an index equal to or greater than 75% were categorized as "characteristics", which are defined by their high specificity to a given habitat, while species with a value less than 75% but equal to or greater than 50% considered as "detectors", which present different degrees of preference for diverse habitats (McGeoch et al. 2002) .
Results
Abundance, richness, and diversity of butterflies in Cerro Bufa El Diente
A total of 7,611 specimens of Papilionoidea was collected from 36 samples, between September 2012 to August 2013. These belong to six families, 20 subfamilies, 32 tribes, 148 genera, and 243 species (Appendix 1). Nymphalidae was the most abundant family with 3,454 specimens, representing 45.38% of total abundance in the study area. Lower abundance was recorded in Hesperiidae (19.17%), Pieridae (16.41%), Lycaenidae (10.17%), Papilionidae (5.12%), and finally Riodinidae (3.74%). The highest species richness was also presented found in the family Hesperiidae with 34.57% of the total obtained species followed by Nymphalidae (30.45%), Lycaenidae (15.23%), Pieridae (9.88%), Papilionidae (5.76%), and Riodinidae (4.12%). Twenty-seven species were categorized as abundant (with more than 82 specimens) and accounted for 45.54% of the total abundance. These abundant species, Anaea aidea (Guérin-Méneville, 1844) (442 individuals), Libytheana carinenta larvata (Strecker, 1878) (213), Pyrgus oileus (Linnaeus, 1767) (176), Mestra amymone (Ménétriés, 1857) (172) and Phoebis agarithe agarithe (Boisduval, 1836) (167), among others presented the highest number of specimens. Sixty-five species were considered common, constituting 41.73% of the total number of butterflies. Sixty-three species were considered frequent (743 specimens) by occupying 9.76% of the total abundance. Fifty-five species were scarce (2.54% of total abundance) and 33 were rare (0.43%) (Appendix 1).
The richness estimators indicated that the total number of butterfly species in the study area was 278 species using Chao 1 and 283 through Jackknife 1( Table 2, Figure 2) , suggesting that the observed total of 243 species represents 87.35% (Chao 1) or 85.91% (Jackknife 1) of the actual richness. The data showed a good fit to the linear dependence model (R 2 = 0.93), with a registered proportion of species of 92.40% and a slope less to 0.1. Total diversity values of Papilionoidea in Cerro Bufa El Diente were 0.98 for the Simpson index and 4.16 for the Shannon index ( Table 2 ). The SHE analysis shows an assemblage with less variation in the natural logarithm of evenness, suggesting a broken stick type distribution (Table 3, Figure 3 ).
Altitudinal variation of butterflies
Abundance and number of species of butterflies was significantly different (p < 0.05) only between the highest site compared to the intermediate and low sites (Site 3 compared to the Site 2 and 1; Table 2 ). Both abundance and species richness decreased with increasing altitude (Table 2 ). In the lowest altitude site, 194 species were recorded which represented between 84.44 andto 92.09% of the estimated richness with the models used. In the second site, the number decreased to 180 species (84.14-91.12% of the estimated) and at the highest site, 129 species were recorded (83.64-96.91% of the estimated) ( Figure 2 ). Determination coefficient in all sites was greater than 0.95, suggesting a good fit of the linear dependence model to the data obtained at each site; contrarily, the slope values was greater than 0.1 in all sites (Table 2) . Alpha diversity decreased progressively with increasing altitude and was significantly different between the highest altitude and the other two sites (p < 0.05) (Table 2). The result of the SHE analysis for three sites showed a lower variation in natural logarithm of evenness, indicating a broken stick type distribution (Table 3, Figure 3 ).
Of the 243 species recorded in the Cerro Bufa El Diente, 98 were distributed along the entire altitudinal gradient, 64 were recorded only in two sites, and 81 were unique to one of the three sites. Of these 81 unique species, 50 were exclusively from Site 1, 19 for Site 2, and 12 for Site 3 (Appendix 1). The similarity values were greater than 50% between the nearest sites (Site 1 and 2, Site 2 and 3), and less than 50% between the more distant sites (Site 1 and 3). According to the cluster analysis, sites 1 and 2 composed an area of distribution for species that prefer warm climatic conditions, while Site 3 form an independent group of high mountain species (Figure 4 ).
Seasonal variation of butterflies
Differences in abundance and richness of Papilionoidea were found between early dry season and the other three seasons (Table 2, Figure 7 ). The highest number of specimens was obtained during the rainy season, with 2,707 individuals in the late period and 2,637 in the early one. Lower abundance was found during the late and early dry seasons (1,970 and 297 specimens, respectively) ( Table 2) . Species richness was higher in the late rainy season, with 207 species representing between 77.66 and 88.67% of estimated richness. Such value decreased to the early dry season (65 species, 67.89 to 93.75%), but increased at the end of dry season (165 species, 80.84 to 84.38%) (Table 2, Figure 5 ). Determination coefficients of the linear dependence model were higher than 0.90 for all seasons, while the slope values were greater than 0.1 (Table 2) .
Highest values of temperature, precipitation, relative humidity and solar radiation were found during both periods of the rainy season ( Figure 6 ). Relative humidity was highly correlated with abundance, while precipitation was better correlated with species richness. Interaction between climate variables compared with the abundance and species richness was positive; however, the correlation between abundance and solar radiation was not significant (Table 4 ).
According to diversity indices, early dry season was statistically different to the other three seasons (p < 0.05) ( Table 2 ). Shannon and Simpson indices indicated the highest diversity during the end of dry season and both periods of the rainy season. Lower diversity was found in early dry season (Table 2) . Only 49 species from the total observed, were present during all seasons, 84 were recorded in three seasons, 66 in only two and 44 were exclusive of one season. Of these exclusive species, 19 were recorded at the end of the rainy season, 14 in the early rainy season, 10 at the beginning of the dry season, and only one in the late dry season (Table 2) . According to the Bray-Curtis index, the early and late rainy season had the greatest similarity (80.50%). Rest of the comparisons are above 50%, in the case of the end of the rainy season and the late dry season (72.57%), and from the early rainy season with the late dry season (68.20%), and below 50%, between the beginning and end of the dry season (24.26%), the beginning of the dry and rainy season (19.15%), and the end of the rainy season and the early dry season (19.11%). Cluster analysis shows the formation of two groups, according to the species composition in each season. The first group is composed only of species of the early dry season, and the second group includes species in the late dry season and the beginning and end of the rainy season ( Figure 8 ).
Indicator species
The IndVal allowed to quantify the percentage of association for the 243 species in the study area, of which 168 had a higher probability (p < 1) of being considered as indicators (Appendix 1). Of these, 66 presented values equal to or greater than 50%, categorizing themselves as detectors or characteristics, while only 19 presented a significant indicator value (p < 0.05, Appendix 1). The remaining 75 species had association values equal to or less than 33.33%, with null probabilities (p = 1) of being considered as characteristics of a habitat (Appendix 1). The detector species with the highest values of the index were: Ministrymon azia (Hewitson, 1873) (70.37%), Urbanus procne (Plötz, 1881) (63.89%) and Chioides zilpa (Butler, 1872) (57.14%) 
Discussion
Faunistic inventory and biodiversity of butterflies in Cerro Bufa El Diente
In Cerro Bufa El Diente, the superfamily Papilionoidea consists of 243 species that represent 69. dae are the family with greatest richness, which represents 75.68% of the diversity of the family for the State, and 9.78% in comparison with that of the country. The abundance and species richness by families found in this study is very different when compared to research conducted in other parts of the country. This is due to the specific biotic and abiotic characteristics of each ecoregion, which allow the development of a particular type of fauna (Espinosa and Ocegueda 2008) , in this case of the butterflies. This also may be occurring at the species level, where the characteristics of the area, as well as the presence and abundance of its host plants will determine the dominant species (Luis and Llorente 1990; Vargas et al. 1994) .
When comparing results found in this research with the few systematic and rigorously sampled inventories of Papilionoidea in Mexico, it can be observed that the species richness in the present study area is high. De la Luz and Madero (2011) Luis and Llorente (1993) listed 161 species for Omiltemi Park, Guerrero. Balcázar (1993) presented 205 species for Pedernales, Michoacán. Luis and Llorente (1990) recorded 65 species for the Dinamos, Magdalena Contreras, D.F. Beutelspacher (1982) listed 141 species for El Chorreadero, Chiapas. Considering that these authors used sampling methodologies similar to our study, it can be suggested that Cerro Bufa El Diente is a very important area for distribution and diversity of Rhopalocera in Tamaulipas and Mexico.
Richness estimators suggested that the diurnal butterfly fauna was obtained almost entirely in the Cerro Bufa El Diente, although it is possible that there are still some species to be recorded. In this regard, several authors point out that the increase in number of samples and time of study, or selection of other sampling methods, can aid in complementing faunistic inventories (Sparrow et al. 1994; Daily and Ehrlich 1995; DeVries et al. 1997 DeVries et al. , 1999 Hughes et al. 1998; Caldas and Robbins 2003; Jiménez et al. 2004; Romo and García 2005; Sackmann 2006; Hernández-Mejía et al. 2008; Bonebrake and Sorto 2009; Pedraza et al. 2010; Álvarez-García et al. 2016; González-Valdivia et al. 2016 ). However, the critical value in which a faunal inventory can be considered as reliable or complete is from 70% representativeness (observed richness in relation to estimated richness), since above that limit, the number of samples required to register all of the species increases remarkably and disproportionately (Jiménez and Hortal 2003) . Taking into account the high percentage of representativeness obtained in this study, it would be necessary to conduct a large number of additional samples only to record a minimum number of possible missing species, since these are considered as accidental species that come from adjacent sites (Thomas 1994; Pozo et al. 2005; Hortal et al. 2006) .
Comparing the number of species between different habitats is often enough to give a rapid assessment of a biodiversity measure. However, it is necessary to resort to the use of other statistical measures in order to make comparisons with other studies (Magurran 2004) . In this investigation, quantification of diversity was done mainly by the values obtained from Shannon (4.16) and Simpson (0.98). The diversity index of Simpson gives a greater weight to the abundant species and underestimate rare ones, returning values between 0 (low diversity) to a maximum of 1-1/ S (Moreno 2001) . Values of the Shannon index are usually between 1.5 and 3.5, rarely surpassing a value of 4 in very diverse communities (Margalef 1972) . This suggests that diversity of butterflies in the study area is actually very high. Moreover, observed values were higher than the diversity present in some tropical communities, where the existing conditions favors a high number of species and individuals, as observed in Montero and Ortiz (2013) for Tablazo Paramo, Cundinamarca, and Camero et al. (2007) in Combeima River, department of Tolima, both in Colombia, and who obtained a total Shannon value of 3.9 for each zone. Accordingly, the broken stick distribution proposed by MacArthur (1960) , corroborates ecology heterogeneity of Cerro Bufa El Diente according to the SHE analysis, corresponds biologically to communities of species that colonize and distribute resources at random. In this type of distribution, the most common species are more susceptible to being invaded by the colonizing species than the rare species, resulting in a more equitable community (Gotelli and Graves 1996) . The opposite of this distribution is the geometric series, since it reflects the lowest equity among the species of a community (Tokeshi 1990; Fattorini 2006) .
On the other hand, the community structure of butterflies may represent evidence of the ecological characteristics of the study area, as a semi-preserved habitat. Community was formed by a moderate group of frequent species and few rare species, which is a characteristic pattern of areas with intermediate ecological quality. On the contrary, and according to Pedraza et al. (2010) , a locality with excellent ecological quality is characterized by an assemblage with few frequent species, and a large number of scarce species. All this evidence agrees with previous values of ecological integrity obtained for Sierra de San Carlos (Arriaga et al. 2000) . In addition, species that according to Pozo et al. (2005) and Raguso and Llorente (1991) are considered as indicators of disturbed habitats, were present in the study area.
Elevational effects on diversity patterns of butterflies
Altitude is a variable frequently related to changes in species richness and abundance (Janzen 1993), producing changes in distribution patterns along altitudinal gradients (Llorente 1984; Andrade-Correa 2002) , which was demonstrated in this study. In general, a negative correlation of altitude was observed with abundance or species richness; that is, a reduction in the number of specimens and species as the altitudinal gradient increases. According to Andrade-Correa (2002) , it is observed that diversity and percentage of exclusive species decrease towards higher altitude areas. Moreover, Hernández-Mejía et al. (2008) states that the overall tendency of richness and abundance is to decrease with the altitudinal gradient. Although each family shows a different rate of decline, Nymphalidae decreases faster, which may be because of their higher number of species accentuates the altitudinal effect. Contrarily the Pieridae family comprises many eurioic species, and therefore the change in richness is almost imperceptible as the altitude increases. In relation to the general abundance of each family, it can be observed how this decreased notably with the increase in altitude. This pattern in the number of individuals has been observed in other studies with butterflies (Luis and Llorente 1990; Vargas et al. 1994 Andrade-Correa 2002; Luna-Reyes and Llorente 2004; Palacios and Constantino 2006; Camero et al. 2007; Hernández et al. 2008; Ospina et al. 2010; De León 2012; Carrero et al. 2013 ), as well as in different groups of insects, such as the necrophilous entomofauna (Sánchez et al. 1993 ) and Scarabaeoidea beetles (Morón 1994) .
The variation found in the community patterns could be originate in the abiotic factors that are modified along the altitudinal gradient, such as the air pressure (which decreases with the increase in altitude), solar radiation and precipitation (both increase with the increase in elevation) (McCain and Grytnes 2010), as well as the increase of unfavorable environments and the reduction in availability of resources (Camero 2003; Camero et al. 2007 ). This can favor some species in particular, allowing them to increase their abundance at a certain altitudinal level, as was observed in the case of the species categorized as indicators, three for the last altitudinal site, three at the intermediate site and 13 for the first. In addition, the available area that species can occupy decreases with altitude (McCain and Grytnes 2010), which may cause a reduction in the number of individuals per species in higher sites (Camero 2003; Camero et al. 2007 ). Besides, the linear decrease in temperature, which decreases on average 0.68 °C per 100 meters of increase in elevation, is maybe one of the most important abiotic factors in the altitudinal distribution of species (McCain and Grytnes 2010). Therefore, the lower abundance in the higher altitude site could be related to its lower temperature, which represent an unfavorable factor for these insects (Kremen et al. 1993; Fagua 1999) . The importance of this variable has also been observed in other studies of Lepidoptera (Luis and Llorente 1990; Vargas et al. 1994 Luna-Reyes and Llorente 2004; Hernández et al. 2008; De León 2012) .
Vegetation is another factor of great influence for butterfly composition along altitudinal gradients (Llorente 1984; Luis et al. 2000) . In the study area, the first altitudinal site corresponds to submontane scrub, which shows a high density of plants in the herbaceous and shrub layers (Briones 1991; Martínez 1998) . Such condition represents a greater availability of food resources, allowing the increase in abundance of diurnal Lepidoptera in this area. On the other hand, the intermediate altitudinal site represents a transitional zone between the Papilionoidea fauna of the submontane scrub and the fauna of the cloud forest, which was corroborated with the Bray-Curtis index. In relation to this, the lower similarity between the extreme sites of the altitudinal gradient would be determined by the distance between both zones. In addition, the fact that the percentages of similarity were mostly greater than 50%, establishes that the compositions of the communities in the study area are similar in each site, this maybe because the Sierra de San Carlos and especially the rocky massif Bufa El Diente represent ideal sites for research on biodiversity over a period of a year due to its small area (Martínez 1998) .
According to the behavior of both variables, abundance and diversity in the different sites, it can be suggested that vegetation and perhaps temperature and humidity are the determining factors in the abundance and richness of species of butterflies in the study area, parameters that decrease with altitude. Protecting populations of Papilionoidea in mountain areas, often depends on the conservation of lower adjacent areas, where the greatest abundance may occur (Andrade-Correa 2002) . Another issue directly associated with the conservation of the populations, is that middle and high mountain areas are frequently used as natural corridors in the migration of butterfly species (Monteagudo et al. 2001) . It is also necessary to take into account the displacements that occur from the lower parts towards the high elevation areas, because species search for foraging sites and better climatic conditions (Bonebrake et al. 2010 ). Therefore, biodiversity inventories along an altitudinal gradient, such as the one carried out in this research, serve as monitoring studies of habitat quality, which allows identifying important areas in conservation and management policies (Dewenter and Teja 2000; Hoyle and Harbone 2005; Fattorini 2006 ).
Seasonal effects on diversity patterns of butterflies
In general, the pattern of monthly variation of abundance and species richness was similar to the results reported by Luis and Llorente (1990) , Luis et al. (1991) , Vargas et al. (1994) , Hernández-Mejía et al. (2008) , Luna et al. (2008) , Pozo et al. (2008) and Luna et al. (2010) . From March to November, the greatest number of species and specimens was recorded, with lower values between December and February, the first months of the dry season. As for the Shannon index, both the end of the dry season as early and late wet season had the highest values, which were above 4.0, and so they represent a high diversity (Margalef 1972) . In addition, the Bray-Curtis index and Cluster analysis indicated that late dry season and two periods of the wet season had a very different faunal composition compared to the early dry season. Therefore, the most favorable flight period for butterflies in the study area occurs during the last months of the dry season and the months corresponding to the wet season.
Seasonality is a very important factor in species distribution, being of great relevance for insects, since they cannot regulate their body temperature and therefore require favorable environmental conditions for metabolic activities and development of their life cycles (Brown 1984; Morón and Terrón 1984; Wolda 1988) . Among the microclimatic factors that influence the seasonal distribution of butterflies in Cerro Bufa El Diente are the temperature and relative humidity. This temporal association is commonly recorded in tropical areas (Arteaga 1991; Luis et al. 1991; Vargas et al. 1992 Balcázar 1993) , in which the imagos are most active during the early and late wet seasons, that is, when the availability of resources is greater, wintering in diapause (Scott 1979; Courtney 1986) .
Additionally, butterflies are closely associated to plants, and their presence depends on the flora and structure of the vegetation (Shapiro 1974 ). Thus, it is possible that the wetter conditions in June to November favored the increase of diversity and biomass of the plant community, which can lead to the establishment of more species and larger populations of butterflies (Rhoades 1983) . Temperature is more stable in this period, but humidity conditions are contrasting and remarkably superior with respect to the dry season, in which the total precipitation is 225 mm, while that in the rainy season is 518.7 mm. Although the first rains take place towards the end of May, the greater precipitation occurs from September to November, and as a consequence there is greater cloudiness that reduces evaporation. During this season, vegetation diversity and density increases, thus providing a greater amount of resources that are used by butterflies for their feeding, oviposition and protection, which favor the presence of more species with larger populations. Besides, the presence of rainfall correlates directly with abundance and richness of insects (Wolda 1988), since it affects the physiology of the re-production, the ontogenetic development and the behavior of the imagoes; indirectly, it can also affect populations because of its effects on plant phenology . As in other studies, the late wet season would represent the period where the greatest number of Lepidoptera species complete their diapause stage and begin their feeding, reproduction and oviposition stage (Owen 1971; Wolda 1988) .
On the contrary, the highest variation in temperature as well as the highest number of clear days occur during the months of November to April, leading to high evaporation rates. Under these conditions, most of the vegetation is dry, especially some herbaceous plants that, when flowering, provide food for imagoes. During the drought period, water reserves of tree and shrub species are also reduced, modifying their growth, nectar production, nutritional content, or even texture and turgor of leaves, which constitute food resources for most lepidoptera species. Therefore, although trees and shrubs are present in the habitat, many of them cannot be used by butterflies during this period due to their deciduous phenology, affecting in this way the community composition and populations of butterflies in these months. In addition, some compounds present in plants can vary in each season and not be palatable in certain months, so they are not nutritious for the immature stages of many species. Nevertheless, it is possible that the species are in diapause during the cold months (Scott 1979) The results obtained in this work may have implications for the conservation of biodiversity, mainly butterflies, as they provide information to build a research line focused on detecting the effects of climatic variations on the composition of species and providing an approximation of the behavior of its diversity. In the particular case of diurnal Lepidoptera, the impact of climate change on populations can be measured by monitoring the temporary replacement of the composition of species in the community and the environmental gradients of temperature and relative humidity. This information can be used in the evaluation and use of environmental services by pollination of a large variety of plants, which is carried out by Lepidoptera (Grøtan et al. 2012 (Grøtan et al. , 2014 Checa et al. 2014; Forrest 2016) .
Conclusions
For the first time in northeastern Mexico, the Papilionoidea group was systematically sampled during an annual sampling period. A total of 7,611 specimens belonging to six families, 20 subfamilies, 32 tribes, 148 genera, and 243 species of butterfly was collected from the study area. The highest abundance and richness of species, as well as alpha diversity was recorded in the lowest elevation site, and decreases significantly with increasing altitude, the tendency of altitudinal distribution of the Papilionoidea butterflies in Cerro Bufa El Diente is well defined to the environmental characteristics of the lower zone, agreeing with the Rapoport rule. The sites of low and intermediate altitude constitute an area of distribution of tropical species, while the site of the third floor forms an independent group of high mountain species, according to the conglomerate analysis carried out.
The greatest abundance and richness of species, as well as alpha diversity, was obtained during the late wet season, decreasing towards the beginning of the dry season. The geographical location of the study area plus the different plant compositions of the three sampled sites could be the main reason for the variation found here in the butterfly communities with altitude and season. In addition, relative humidity and temperature can influence the community of Rhopalocera in the study area; however, both abiotic factors directly affect plant composition, which is assumed to be the main factor in determining the composition and abundance of butterfly species.
This work is one of the first studies of diurnal butterflies in a specific area of northeastern Mexico, in which altitude and season are analyzed. The information presented here provides reference data that allow the comparison of the diversity and richness of Papilionoidea species at a regional and national scale. This information could be used as an initial step to analyze the possible use of butterflies as a biodiversity indicator group in Mexico. Vargas Appendix 1 Table 10 . Nov)  1  2  3  1  2  3  1  2  3  1  2  3  Heraclides cresphontes Cramer, 1777  1  1  0  0  0  0  19  14  11  25  12  6  89 
